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Bidirectional cavopulmonary anastomosis may either 
be performed as part of a total cavopulmonary connec- 
tion or  as a palliative procedure in a staged approach 
towards the Fontan operation. It can be performed 
primarily in cyanotic patients older than 3 months of 
age (preferably older than 6 months) or  secondarily 
after a previous systemic to pulmonary artery shunt or 
a banding of the pulmonary artery o r  a Norwood 
It  can be associated with other palliative 
procedures such as atrioseptectomy, take down of 
previous systemic to pulmonary artery shunts, patch 
arterioplasty of stenotic or  distorted pulmonary artery, 
and main pulmonary artery to aorta anastomosis for 
bypass of subaortic o b s t r ~ c t i o n . ~ ~ ~  
Since October 1988, our approach to the Fontan 
operation is an  association, simultaneous or sequential, 
of BCPA as described previously, and conduit interposi- 
tion between the transected inferior vena cava (IVC) 
and RPA.5 The idea came following the work of Puga et 
a16 with the aim to provide the best pattern of laminar 
flow from the IVC to the pulmonary tree with a 
complete extracardiac surgery. We will describe both 
procedures. 
SURGICAL TECHNIQUE: 
BIDIRECTIONAL CAVOPULMONARY 
ANASTOMOSIS 
Cardiopulmonary bypass is instituted cannulating 
separately the superior vena cava (SVC) at the junction 
with the innominate vein, and the other cannulas are 
positioned as routinely. I n  patients whose body weight is 
less than 8 kg, deep hypothermic circulatory arrest may 
be preferable to avoid any harm to the tiny SVC with 
cannulation. 
The SVC must be dissected free from the innominate 
vein to the right atrium for its entire length. The 
reflection of pericardium is incised with the diathermy 
on the anteromedial aspect of the vessel, the medial 
portion is resected, and the lateral is gently separated 
while the SVC is pulled towards the assistant. Care 
should be taken to stay close to the wall of the vessel to 
avoid injuring the phrenic nerve that runs very close. 
The SVC is encircled with a fine dissector and freed 
from soft surrounding tissue. The azygos vein is identi- 
fied, encircled with a ligature, and tied a few millime- 
ters away from the SVC. If necessary, the azygos vein 
can be divided to gain more mobilization of the SVC. 
The right pulmonary artery (RPA) is dissected from 
its origin to the hylum well behind the SVC to get 
complete control of the artery. If a systemic to pulmo- 
nary artery shunt is present, this will also be dissected 
free, doubly ligated, and divided. The anastomotic 
fibrous scar of the pulmonary artery (PA) should be 
resected and the opening extended and used for the 
caval anastomosis. 
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Im1 Once the dissection is completed, the aorta 
is cross-clamped and cardioplegia is given; circula- 
tory arrest is instituted if indicated. 
Atrioseptectomy can either be performed from 
the opening of the cavoatrial junction after division 
of the SVC or from the opening of the purse string 
suture of atrial cannulation when circulatory ar- 
rest is used and the cannula is removed. The 
opening is pushed down towards the atrial septum, 
the septum primum is grasped, pulled up, and 
resected with scissors or knife. 
The surgeon grasps with a fine forceps in the left 
hand the cavoatrial junction; with scissors in the 
right hand, the surgeon progressively cuts through 
the SVC a few millimeters above and parallel to the 
forceps. The central venous line is inserted percuta- 
neously and should be pulled out and shortened; if 
it has inadvertently been cut while transecting the 
SVC, the intracardiac segment still in the surgeon’s 
left hand forceps can easily be removed. 
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1-2 (A) The PA is incised longitudinally on its superior aspect for its proximal two 
thirds or more, trying to reach and pass its proximal origin. The tissue of the SVC is so 
pliable that the incision is never too wide and a wide incision allows the surgeon to use 
the anastomotic site of the SVC as an extended arterioplasty. The anterior edge of the 
incision is pulled away with a delicate stay stitch. The SVC is pushed down and the 
suture is initiated starting from the proximal corner of the PA incision. A 5-0 or 6-0 
monofilament reabsorbable suture is passed from the PA to the SVC. The surgeon 
should take care not to rotate the SVC on its axis. The origin of the azygos vein helps 
the surgeon to properly orientate the SVC. The posterior half of the suture is done 
continuously approximating intima to intima. The surgeon should avoid incorporat- 
ing any external adventitial tissue in the suture line. (B) The anterior half is sutured 
with very few separate stitches. A couple of these stitches can be left untied until the 
heart has resumed normal sinus rhythm during rewarming to favor unimpeded 
drainage of the venous blood from the brain; however, we are not sure that this is 
essential. We have never seen any stenosis of the anastomotic site with this technique. 
If there are no other associated procedures to be done, the aorta is declamped and 
the patient is rewarmed. Alternatively, the whole procedure can be performed with a 
beating or electrically induced ventricular fibrillating heart. Complete resection of 
the septum primum is generally an adequate atrioseptectomy. 
When there is malposition of the heart or bizarre atrial anatomy, a more accurate 
inspection of the atrial septum may be needed. In these cases we do not hesitate to 
perform a longer incision of the atrial wall. 
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ASSOCIATED PROCEDURE: 
PATCH ENLARGEMENT OF THE PAS 
1-3 The most frequent site of PA stenosis is the origin of the left pulmonary 
artery (LPA) at the site of insertion of a formerly patent ductus arteriosus whose 
retraction causes a true coarctation of the PA; less frequently a stenosis or a 
distortion is found involving the RPA or LPA because of a previous systemic to 
pulmonary artery shunt. The anastomotic site of the SVC can be used for 
resolution of many of the latter stenosis, hut if the stenosis is peripheral and 
involves the branches a patch is required. Currently, we prefer polytetrafluoro- 
ethylene (PTFE) patches for enlarging both left and peripheral right PA 
stenosis. 
We are very generous with indication and extension of this reconstructive 
procedures as they are really live-saving ones. 
The LPA is dissected free from its origin to the hylum and incised for its entire 
length, particularly at the ridge of the coarctation must he opened proximally 
with the incision down to the main PA. 
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1-4 (A) Sometimes the site of the coarctation 
is almost completely occluded so that there is little 
arterial tissue to which the PTFE patch can be 
sutured. In these cases, we prefer to suture the 
superior and the inferior edges of the incision on 
itself for few millimeters. The suture starts at the 
thinnest part of the artery to shorten it and create 
more posterior arterial wall for suturing the 
enlarging patch. (B) The patch should be cut from 
a small size tube so that it is already preformed to 
be cylindrical. The suture starts at the most distal 
part of the incision in the hylum close to the 
bifurcation. Peripheral stenosis of the RPA fre- 
quently means stenosis of the inferior lobe artery 
which must be dissected, incised, and recon- 
structed with a PTFE patch. The location where 
the PTFE patch reaches the opening for the Glenn 
procedure is trimmed in a concave shape to 
receive the SVC circular anastomosis. 
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ASSOCIATED PROCEDURE: 
MAIN PULMONARY ARTERY TO AORTA 
ANASTOMOSIS 
B 
1-5 Patients with previous pulmonary artery banding are 
prone to develop subaortic obstruction. Because of this, our 
policy since 1986 is to associate a main pulmonary artery 
(MPA) to aorta anastomosis at time of bidirectional cavopulmo- 
nary anastomosis (BCPA). 
The MPA is dissected free, the band is removed, and the PA 
is transected at  the level of the confluence. The distal portion is 
closed with an ovoid PTFE patch. The proximal is used as a 
second outlet from the ventricular chamber and connected to 
the aorta. The connection can either be direct with interposi- 
tion of a patch to avoid undue tension or torsion of the root of 
any of the two great arteries, or with interposition of a 
prosthetic tube. (A-C) The latter technique is preferable in our 
experience because it does not create any problem of distortion 
and consequent incontinence of the semilunar valves of the 
great arteries or any compression or  torsion to the proximal 
coronary arteries. 
The main PA usually opens widely after removing the band; 
otherwise the stenotic scar tissue must be resected or at least 
incised before suturing the conduit. The aortic incision is 
oblique with the inferior corner next to the PA and an ovoid 
slice of aortic wall is resected to make the anastomosis wide 
enough. 
C 
202 IORIO AND MARCELLETTI 
SURGICAL TECHNIQUE: 
TOTAL EXTRACARDIAC 
CAVOPULMONARY CONNECTION 
The operation can be performed in hypothermic circu- 
latory arrest or  on continuous perfusion if the femoral 
vein is cannulated for separate drainage of the IVC. 
The SVC is cannulated at  the junction with the innomi- 
nate vein. 
The RPA is dissected free, mostly on its anteroinfe- 
rior border. The right atrium is mobilized from the 
facing lateral pericard and the dissection must be 
completed posteriorly to the right pulmonary veins. 
This is very important because this will be the path of 
the extracardiac conduit and should be the unob- 
structed shortest way between the IVC and the RPA. 
The IVC is encircled and surrounding pericardium is 
incised and dissected in order to gain mobilization. 
2-1 While cooling the patient, the anteroinferior border 
of the RPA is incised with a sharp knife for its entire length. 
The incision must reach the confluence of the PAS and the 
LPA origin must be seen. The PTFE stretch conduit (we 
have never used a diameter less than 18 mm or more than 22 
rnm) is cut slightly oblique in order to direct the IVC blood 
flow towards the confluence of the PAS and sutured in place 
iicinu 2 5-0 mnnnfilament riinning. siitnre. 
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2-2 After cross-clamping the aorta, the surgeon exposes 
the IVC by pulling the whole heart cranially with the left 
hand while holding the IVC between the second and third 
finger. It is then cut through with scissors in the right hand. 
Care must be taken to avoid any injury to the right coronary 
artery running into the atrioventricular (AV) groove; there- 
fore the IVC should be held between two fingers so that it will 
be impossible to cut anything that does not belong to the 
vein. 
204 IORIO AND MARCELLETTI 
2-3 From the atrial opening of the IVC, the atrial 
septum is inspected for adequate interatrial communica- 
tion. This opening is then closed with a running 5-0 
suture. The PTFE stretch conduit is pulled down 
towards the IVC and cut slightly short to put the IVC 
and RPA under gentle traction. The correct length of 
the conduit varies between 3 and 5 cm according to the 
body size of the patient. The anastomosis with the IVC is 
performed with a running 5-0 suture. 
If the IVC is not present as it is in patients with left 
isomerism and azygos continuation, the surgery is the 
same because the hepatic veins usually join together 
before reaching the atrium; sometimes a separate vein is 
present and in this case this should be “unifocalized” 
with the others to create a common single vein. 
When fenestration is indicated, a calibrated 5-mm 
hole is made medially on the facing part of both the 
PTFE stretch conduit and the right atrial free wall and 
sutured to create a window. 
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